Biological and chemical investigations were carried out to evaluate the antimicrobial potential of Callistemon pinifolius and C. salignus leaf oils for herbal medicines. Disk diffusion and micro broth dilution methods were used for the evaluation of the antimicrobial activity of the essential oils against selected strains of bacteria
The antimicrobial properties associated with many essential oils and their fractions are well known [1] [2] [3] [4] . The use of a large majority of oils in food products and pharmaceuticals is mostly due to the aroma flavor they impart, but essential oils have the promise of use as effective antimicrobial agents, due to their bioactive components.
In India, Callistemon sps were introduced as ornamental plants throughout the country, except in extremely dry and cool places [5] . Ten species of Callistemon are found in the National Botanical Research Institute {NBRI (earlier known as National Botanic Gardens)} [6, 7] , Lucknow, India. The shrubs C. pinifolius and C. salignus were introduced into the NBRI from California, USA in 1976. The plants in California are reported to bear either red or pink to bottle green flowers, while plants growing in the NBRI bear pinkish flowers, twice a year. The flowering of these species is not so profuse. The seed-raised plants produced flowers after 4 years. As a part of our studies on Indian medicinal and aromatic plants for their bioactive constituents [8, 9] , these plants have been examined.
The volatile oils were obtained by conventional hydrodistillation of C. pinifolius and C. salignus leaves in a Clevenger-type apparatus, which gave oils in 0.32% and 0.62% yields (v/w), on a fresh weight basis. Both essential oils were evaluated for their antimicrobial activity against a set of human pathogenic microbes, including bacterial and fungal strains. The antibacterial activity results of both essential oils against pathogenic bacteria are given in Table 1 The observations permitted a comparison of the bioactivity potential of the two oils. Table 1 clearly demonstrates that C. pinifolius leaf oil was comparatively more active than C. salignus oil. It was 4 times more active than C. salignus and had an MID value of 1/400 against S. aureus, S. epidermidis and S. mutans, respectively. Furthermore, it was also observed that C. pinifolius oil had higher activity levels against the test fungi in comparison with C. salignus oil ( Table 2) .
Components of the leaf essential oils of C. pinifolius and C. salignus were analyzed by using GC and GC-MS, which resulted in the identification of fifty five and fifty one compounds, respectively. 1, 8-Cineole Compounds are listed in their order of elution from a BP-1 column; a RI indicates the retention indices on a BP-1 column. b RI indicates the retention indices on a BP-20 column. $ indicates relative area (peak area relative to the total peak area) t trace (< 0.1%) (39.1% and 40.8%), α-pinene (26.7% and 24.2%) and (E)-β-terpineol (9.6% and 13.5%) (Table 3) were the major constituents. Although the MIC of streptomycin was lower than that of the essential oils, the main advantage with the essential oils is that these are usually less toxic than streptomycin. Since C. pinifolius oil has been used by the local people in Australia for many years, the development of the essential oil as an antibacterial agent via either oral treatment or topical application might be profitable in the future. If the essential oil were cheaper, then this would be another advantage. Oil isolation: Collective samples of fresh leaves of C. pinifolius and C. salignus (200 g each) were subjected to hydrodistillation in a conventional Clevenger type apparatus for 3 h, which gave 0.32% and 0.62% (v/w) of oils, respectively, on a fresh weight basis. The oils were dried over anhydrous sodium sulfate and kept in sterile sample tubes in the refrigerator at 4 o C until analysis.
GC and GCMS analysis:
The essential oils were analyzed using a Perkin-Elmer GC 8500, equipped with flame ionization detector, using BP-1 [10] [11] [12] [13] [14] . The final confirmation of constituents was made by computer matching of the mass spectra of peaks with the Wiley and NIST libraries mass spectral database and from literature information [15] . Chirality analysis was not performed. Relative amounts of individual components are based on GC peak areas obtained without FID response factor correction. The retention indices were obtained from gas chromatograms by logarithmic interpolation between bracketing n-alkanes. An homologous series of n-alkanes (C8-C22, Poly Science, Niles, USA) was used as standards. 
(AIIMS).

Antimicrobial activity
Disk diffusion assay: The antimicrobial activity testing was done according to Bauer et al. [16] and Wannisorn et al. [17] . All strains were sub-cultured from -80 o C stock culture into 5 mL Mueller-Hinton broth for bacteria, and Sabouraud dextrose broth (SDB) for fungus (Hi-Media), and incubated for 24 h at the desired temperatures. The inoculums of the test microbes were prepared equivalent to the 0.5 McFarland Standards, as described in NCCLS protocols. A uniform lawn of each of the selected microbes was made using 100 μL inoculum on nutrient agar for bacteria and SDA for fungi. Then filter paper (Whatman) discs (5 mm) containing essential oil (5 μL) were placed over the seeded plates. The plates were incubated at 37 o C for 24 h for bacteria and at 28 o C for 48 h for fungi. The activity was measured in terms of zone of microbial growth inhibition. First, the diameter of the total zone was measured (including disc), then the diameter of the disc was subtracted from the total zone to obtain the net zone of growth inhibition. The tests were performed in triplicate to confirm the findings. The net zone of growth inhibition above 10 mm was considered as highly active, 4-10 mm moderately active and less than 4 mm was considered to be either least active or inactive.
Broth dilution assay:
The minimum inhibitory dilution (MID) of the two oils was determined according to Petersdorf et al. [18] using the two fold serial micro broth dilution technique using a 96 well micro plate. The tested oils were added to sterile Mueller Hinton broth for bacteria and Sabouraud dextrose broth (SDB) for fungi in micro titer plates before the diluted microbial suspension (final inoculum of 10 4 cfu/mL) was added. Each oil was assayed in triplicate. The MID values were taken as the lowest concentration of the test oils in the wells of the micro titer plate that showed no turbidity after 24 h of incubation at 37˚C for bacteria, and 28˚C for 48 h for fungi. The turbidity of the wells in the micro titer plate was interpreted as visible growth of the microorganism.
